Aims: This research analyzes four climate indices derived from gridded, interpolated data to assess New Zealand's climate structure and variation among wine regions.
INTRODUCTION
Growing any crop to high quality and to economically sustainable standards anywhere in the world is strongly dependent on climate (Rosenzweig and Hillel, 2008) . While some crops have more broad geographic and, therefore, climatic zones where they can adequately grow, ripen, and produce high quality products (e.g., corn, rice, soybeans, etc.), others have more narrow zones for optimum suitability (e.g., potatoes, sugar cane, pears, etc.). Combined, both table and wine grapes are the fifth highest value crop worldwide (FAO, 2011) yet are grown in relatively narrow geographic and climatic zones (Jones, 2006) . Grapes are highly sensitive to their climatic environment, being largely driven by suitable temperature and precipitation regimes (Becker, 1985) . However, while many factors other than temperature drive viticultural suitability and wine production (Jackson and Lombard, 1993; Jones and Davis, 2000 ; Jackson and Schuster, 2001 ), simple to complex indices of temperature are the most common measures used to assess what types of grapes can be grown in which climates . For example, simple growing season average temperatures (April through October in the Northern Hemisphere and October through April in the Southern Hemisphere) have been used to put upper and lower limits on suitability worldwide (Jones, 2006) . Grapes can be grown successfully in areas with growing season average temperatures that range from 13 to 24°C, with winegrapes being limited to the 13-21°C range, and table grapes and fortified wines typically to the 21-24°C range (Gladstones, 1992 ; Jones, 2006) . For winegrapes, this range corresponds to the suitability of cultivars across cool, intermediate, warm, hot, and very hot climates, with most cultivars having a climate niche of 3°C or less for optimum production and quality (Jones, 2006) . For example, while cool climate cultivars (e.g., Pinot noir) can be grown in warmer climates, the climatic conditions do not allow for the development of the desirable balance in the various primary and secondary metabolites to make a recognized wine style and quality for that cultivar. Other temperaturebased climate measures in viticulture suitability studies typically account for either simple temperature characteristics such as the mean temperature of the warmest month (Smart and Dry, 1980) , heat accumulation or growing degree-day formulations that include moisture or solar radiation parameters (Amerine and Winkler, 1944 ; Branas, 1974 ; Huglin, 1978 ; Riou et al., 1994 ; Winkler et al., 1974 ; Fregoni, 2003) , latitude-temperature indices (Kenny and Shao, 1992) , or multi-parameter or multi-index methods that use combinations of temperature, relative humidity, sunshine hours, evapotranspiration, and continentality (Smart and Dry, 1980; Tonietto and Carbonneau, 2004) .
Historically, wine producing regions have been compared using simple station to station values of temperature, which typically do not represent the actual vineyard areas in the vicinity of the stations (Gladstones, 1992) . Today, gridded climate products have been developed to overcome this issue, providing robust, validated, and more spatially appropriate climate data (Thornton et al., 1997 ; Hijmans et al., 2005 ; Daly et al., 2008) . Using gridded climate data sets, previous studies have examined viticulture region climate characteristics in Europe , the United States , and Australia (Webb et al., 2007 ; Hall and Jones, 2010) and have provided more holistic measures to help understand the range of cultivar suitability within viticulture regions. For example, Bordeaux and Napa Valley grow similar cultivars, produce similar wines, and are often mentioned as climatically similar wine producing areas ; however, station comparisons mask the overall regional differences in the two regions. Jones et al. (2009) examined the spatial climate characteristics for these two regions and found that the Napa Valley is overall substantially warmer than Bordeaux and also has greater within region variation in climates for winegrape production. Developing more studies such as those described above for other viticulture regions will provide a greater understanding of their spatial climate characteristics and how these geographically diverse areas compare to other regions worldwide.
New Zealand has become one of the world's most recognized cool climate growing regions. Initially, the development of viticulture in New Zealand was slow due to cultivar-climate mismatches and low demand for wine in the marketplace (Sluys, 2006) . However, since the 1970s, New Zealand experienced rapid expansion and growth in its wine industry, and during the 1980s and 1990s, the country saw a shift to export markets, resulting in strong growth that continues today. The initial plantings of grapevines in New Zealand included a range of cultivars, but the matching of appropriate cultivars to climate and the management of the vines largely reflects the success of specific wine styles in the international marketplace. As of 2008, New Zealand was the 22 nd highest wine producing country in the world (The Wine Institute, 2011) and one of the few experiencing growth, with acreage, production, and export value increasing nearly seven-fold from 1999 to (NZWine, 2009 ).
New Zealand grows over 50 cultivars, with a cultivar ratio of approximately 75 : 25 white to red, the top cultivars of which are Sauvignon blanc (~51 % of the country's total production) and Pinot Noir (~15 %), respectively (NZWine 2009). However, strong regional differences in cultivars grown across wine regions are evident (e.g., Marlborough is ~75 % Sauvignon blanc, Gisborne is ~53 % Chardonnay, Hawkes Bay ~30 % Merlot and Cabernet-Sauvignon, and Otago is ~79 % Pinot Noir). In 2009, New Zealand supported 1128 growers, nearly 32000 bearing hectares, 645 wineries, and crushed 285000 tons of grapes, producing 205 million liters of wine with an export value near one billion NZ$ (NZWine, 2009).
New Zealand has ten main wine growing areas ( Figure 1 ) that extend roughly 1100 km from Northland (~35°S) to the world's most southerly wine growing area, Central Otago (~45°S Schuster, 2001), much of the work has focused on comparing regions using station or individual research site data (Jackson and Cherry, 1988 ; Tesic et al., 2002 ; Tonietto and Carbonneau, 2004) . Therefore, the purpose of this research is to examine commonly used temperature-based indices to assess the spatial characteristics of climate in New Zealand wine producing regions. The work utilizes gridded climate data and wine region boundaries to develop spatial climate indices for New Zealand so that more appropriate characterizations of these regions and comparisons with others worldwide can be made. (Figure 1 ), within each of these zones there are more defined regions or sub-regions where vineyards are established (Tait, 2005) . Since our approach was to examine the climates at the region and sub-region scales, our boundaries represent 21 mapped wine growing areas (Figure 1 ). (Tait, 2005; Tait et al., 2006; Tait and Zheng, 2007; Tait, 2008) . The grids are based on daily data collected from climate stations across New Zealand for the period 1971-2000 (Wratt et al., 2006) . As individual weather stations can only record information at their specific sites, the grids were created with a second order derivative trivariate thin plate smoothing spline model using latitude, longitude and elevation to interpolate the temperature data from the irregularly spaced climate stations onto the high resolution (500 m by 500 m) regular grids (Wratt et al., 2006) . The annual and seasonal temperature grids have been shown to have root mean square errors of 0.3-0.5°C for individual climate stations, which is in a similar range to gridded data created and used in Australia (Tait and Zheng, 2007; Hall and Jones, 2010) . These temperature grids, along with other climate parameter grids, have been used in flood zone estimation, in finding potential wind power generating sites, and in developing suitability maps for growing winegrapes in New Zealand (Tait, 2005) .
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The average daily maximum and minimum temperature grids were then used to derive four climate indices for New Zealand : a growing season average temperature index (GST), standard growing degree-days (GDD) as represented in the Winkler Index (WI), the Huglin Index (HI), and a biologically effective degree-day index (BEDD). These indices were selected based on their previous use and acceptance in understanding climate characteristics favorable for specific winegrape cultivars and the general wine style that can be produced within a given climate .
The GST index was calculated by determining the average temperature for the seven growing season months (October through April). The calculated values were then categorized into five classes using designations of cool, intermediate, warm, hot, and very hot, with values ranging from 13°C to 24°C (Table 1 ). The GST index can be used broadly to categorize winegrape growing regions based on maturity potential or climate suitability in addition to delineating maximum and minimum latitudes for viticulture (Jones, 2006 ; Jones et al., 2010) . ‡ Note that the GDD classes are based upon rounded °F limits as defined by Winkler et al. (1974) (in parentheses), which produce non-rounded classes in °C units. § K is a latitude coefficient that takes into account increasing day lengths starting from 1.0 at 34° increasing incrementally pole ward and is based upon day lengths using Julian day and latitude. # Note that the BEDD calculation has a lower limit 10°C and upper limit 19°C, resulting in 9°C maximum as shown in the equation.
GDDs were calculated using the standard formula (Table 1 ) with a base temperature of 10°C (below which winegrape growth is assumed to be negligible), no upper cut-off, and summing the daily values over the October through April months. For this research, the standard Winkler regions (Winkler et al., 1974) were used to determine the class designation of each cell ; however, the original index method did not place lower or upper bounds on the coolest and warmest classes. Therefore, two additional limits determined by Jones et al. (2010) in the western US and used by Hall and Jones (2010) in Australia were added : a lower threshold of 850 GDD and an upper threshold of 2700 GDD (Table 1) . Furthermore, the lower WI Region I class is sub-divided into Region Ia (850-1111) and Region Ib (1111-1389) to help differentiate cool climate regions and provide roughly equivalent class widths to the other region categories, totaling six classes (Table 1 ).
The HI was calculated similarly to GDD but includes in its calculation a stronger weighting for maximum temperature (subtracting the base temperature from both the maximum and the mean prior to averaging ; Table 1 ) and an adjustment to each cell based on the length of the day at its latitude (Huglin, 1978) . While the original latitude adjustment was applied only across latitudes of European wine producing areas, Hall and Jones (2010) and Jones et al. (2010) have updated the formula for all latitudes. Additionally, Huglin's calculation, when used for locations in the Northern Hemisphere, uses six months from April through September, leaving off October as he suggested that harvesting during that time rendered the values less important . In order to remain consistent with other studies, this research uses a six month growing season for the HI running from October through March. Furthermore, the calculated values were placed in eight class categories that range from too cool, being less than 1200, to too hot, being greater than 3000 (Table 1 ).
The BEDD index was calculated in a similar manner to both the HI and WI but uses a formula that assumes potential plant growth is not linear at all temperatures (Gladstones, 1992) . Like GDDs, the BEDD index assumes a minimum base value for plant growth (10°C) but also places an upper threshold on temperature (19°C), beyond which significant additional growth potential is unlikely (Table 1) . And, like the HI, the BEDD index uses an adjustment to account for day length at varying latitudes. In addition, the BEDD index also includes an adjustment based on the daily temperature range (upward if the temperature is greater than 13°C and downward if it is less than 10°C). The values were assigned to five classes (Table 1) as used in similar research Jones et al., 2010) .
After combining the spatial boundaries of the viticulture regions, elevation data (100 m digital elevation grids ; Geographx, 2010) and climate index grids, we then characterized the area, elevation, and climate of each region with summary statistics. For the climate indices, quantile statistics (minimum, 25 %, median, 75 % and maximum) representing each climate index grid in each region were calculated to give a spatial representation of the climate measures over the whole region.
RESULTS
The 21 viticulture regions represent nearly 10000 km 2 of area with the largest being Christchurch and the Bay of Plenty regions and the smallest being the Henderson and Kaitaia regions ( Figure 1 and Table 2 ). However, note that vineyards are not planted over the entire extent of these regions ; therefore, a large area in Table 2 does not mean a higher proportion of planted vineyards. For example, in 2009, the Marlborough wine producing area (Wairau and Awatere valleys) had 19295 ha planted while the Canterbury wine producing area (Christchurch/Waipara Valley) had only 1779 ha planted (NZWine, 2009). Furthermore, while vineyards are not present at all elevations within the regions, the elevation statistics (Table 2 ) provide a guide to the range of climates available within each region. The average elevation across the 21 regions is just less than 100 m, with maximum elevations found in the Otago region and minimum elevations at sea level in many regions. In addition, Otago has the highest range in elevations, while Henderson and Kaitaia have the lowest elevation ranges.
Over the entire country, a complete grid cell analysis shows that the climate indices are highly correlated (0.96 < r < 0.99). The BEDD and GDD indices exhibit the strongest correlation, while HI and GDD exhibit slightly weaker correlation (not (Table 1) . The region with the coolest minimum GST is Otago, which is due to its higher latitude and the higher elevations found in the region (Table 2 ). The region with the highest minimum GST cells is Kaitaia, which also has a very low quantile range (0.3°C) due to its smaller size.
Mapping GDDs for the growing season over all of New Zealand shows a similar spatial framework to the GST, although the GDD classes do not capture as many of the cool to intermediate climate zones on the South Island. However, the GDD classes differentiate within regions better than GST (Figure 2 ; Table 3 ). For the 21 regions, GDD averages 1252, with a wide range from 126 GDD in the higher elevations of Otago to 1694 GDD in the Bay of Islands (Table 3 ). The lowest median GDD value is found in the South Canterbury region (678), while the warmest median GDD is found in Kaitaia (1663). The region median GDDs result in 43 % being classed into WI Region II, 29 % in WI Region Ia, and 19 % in WI Region Ib (Table 1) . Two areas, South Canterbury and Otago, were classed as too cool using the WI (< 850 GDD), but the results are skewed to the cool side due to large areas of these regions being at high elevations (see below).
The HI indicated very cool to temperate viticultureclimate structure over most of New Zealand (Figure 3 ). Temperate zones were only indicated as being present in the North Island, while the distribution of very cool and cool zones were comparable to those seen in the GST and GDD analyses (Figure 2) . However, the HI tends to depict greater spatial homogeneity in climate classes than does the GST. Similar to the results for the GDD (WI Regions), the HI exhibits a wide range from the coolest areas of the higher elevation zones of Otago (446) to the warmest areas in the Bay of Islands (1903) . The HI has an average value of 1606 across the 21 regions, with the lowest median in the South Canterbury region (1187) to the highest median in the Kaitaia region (Table 3) . The distribution of the HI median values shows that 57 % of the regions were classed as 'cool' climate zones, while two regions are classed 'temperate', six 'very cool' (29%), and one just below the lowest threshold (South Canterbury ; Table 1 ).
Most of the North Island was classified into the second and third coolest classes of the BEDD, with cooler classes near the coast in the southern portion of the island, and areas were classified as too cool at higher elevations (Figure 3 ). For the South Island, the BEDD is more indicative of limited suitability for viticulture than the other three indices, with only small areas of Otago and Christchurch in the coolest category and a few small areas in Nelson and Wairau reaching the second coolest category (Figure 3) . The BEDD captures similar spatial characteristics to the other indices, with 24 % to 33 % of the median values of the viticulture regions falling in the cooler three categories (Table 1) . Furthermore, the BEDD median values place three of the regions (South Canterbury, Otago, and Christchurch) below the coolest category, i. e., more than half of each of these regions were classified as too cool for sustained commercial viticulture. Overall, the average BEDD value across all regions was determined as 1231 (second coolest category) with a range from 700 (classed too cool) in South Canterbury to 1522 in Kaitaia (reaching the third warmest category of the BEDD) ( Area is rounded to the nearest 1 km 2 (100 hectares) and is approximate due to the resolution and precision of the wine region boundary data. The value of doing spatial quantile statistics within viticulture regions can be seen by examining the entire suite of statistical parameters. For example, smaller regions with low elevation differences (e.g., Henderson, Kaitaia, and Matakana) typically exhibit very low ranges from the minimum to maximum grid values for each index (Table 3) . In these cases, the region has similar winegrape climate suitability over the whole area. As expected, larger regions and those with greater elevation ranges, on the other hand, tend to have broader suitability differences. For example, the Bay of Plenty region is the second largest area, has the second greatest elevation range, and therefore exhibits a wide range of maturity suitability (in terms of GST, from cool to warm). Furthermore, the three regions that are consistently either very near or below the lower thresholds in each of the four indices (South Canterbury, Otago, and Christchurch) show that the estimated wine region areas encompass elevations that are too high and therefore too cold for viticulture (Table 3) . Within these regions, a better representation of their climate suitability would be to use the median to maximum range or the 75 th percentile to maximum range. Doing so would find that there are zones within each region that have cool to possibly even intermediate climate suitability for winegrape production.
DISCUSSION
In this research, the use of spatial climate data for New Zealand has produced a depiction of the characteristics and structure of wine region climate indices commonly used in viticulture suitability studies . As expected, the overall results depict a climatically cool to moderately warm country for viticulture and wine production. For New Zealand, viticulture-climate suitability is strongly tied to latitudinal location and extent, along with elevation, resulting in a relatively wide range of climates that can be found along both the North and South Islands. The continentality found in other wine regions (e.g., Europe, Australia, and the United States) is less pronounced in New Zealand due its maritime location (away from continental land masses) and relatively narrow geography (there is no land in New Zealand that is more than 150 km from a coast).
The comparison of four commonly used climate indices in viticulture provides insights into their usefulness in New Zealand. It is apparent from Figures 2 and 3 that each index largely depicts the known climate structure for the country ; however, subtle differences are also evident. While the indices were found to be highly spatially correlated, GST tends to better characterize interregional differences but is poor at capturing the intraregional differences when compared to the other indices (Figure 2 ). For growing degree-days, even using the updated lower limits for GDD (Winkler Index) found by Jones et al. (2010) , many of the South Island regions are limited to too cool or Region Ia or Ib categories. The GDD results found in this research generally agree with values given by Jackson and Schuster (2001) for some regions in New Zealand. These authors showed that station values in the Otago region ranged from 850-1000 GDD, while this research shows the median to maximum grid values in the region are 805-1022 GDD (Table 3) . For the Northland area (northern North Island), Jackson and Schuster (2001) estimated a range of 1300-1400 GDD for wine producing areas, while this research finds that areas such as Kaitaia, the Bay of Islands, Whangarei and Matakana range from 1268-1694 GDD (Table 3) . The HI, owing to additional weighting to maximum temperatures, tends to better capture the broad and within region structure of climate suitability in the country (Figure 3) . However, the HI tends to be lower in New Zealand than other regions in the western US, Australia, and Europe having similar GST, which is likely due to shorter day lengths due to the lower latitudes in New Zealand. The BEDD on the other hand, captures the spatial variations in the North Island better than the cooler conditions over the South Island (Figure 3) . This is likely due to the additional diurnal temperature range (DTR) adjustment in the BEDD, which may not be appropriate for the latitudes and/or the generally cooler nights experienced in New Zealand.
Comparison of the median viticulture-climate index values found in this research with those of the western US and Australia ) reveals a generally similar correlation structure. First, GST and GDD for all three areas are functionally the same with correlations close to one (Figure 4 this study, others not shown). Second, similar correlations and slightly more curvilinear relationships were found between the other three indices and are due to the differences in the way maximum temperatures are weighted in the HI and the upper threshold and additional DTR adjustment used in the BEDD (Gladstones, 1992) . The near perfect relationship between GST and GDD found in this study and others Hall and Jones, 2010 ) is very useful as the calculation of GST overcomes the majority of the fundamental issues with GDD (McIntyre et al., 1987 ; McMaster and Wilhelm, 1997 ; Jones et al., 2010) . Namely, GST is much easier for all users to understand, requires a simple averaging procedure, and does not use a base or upper temperature threshold as in GDD (neither of which are exactly specified for all cultivars and all regions) (Moncur et al., 1989 ; Roltsch et al. 1999) .
Furthermore, similar research for the western United States for 1971-2000 , Australia for 1971 -2000 ), and Europe for 1950 -2000 has enabled an examination of commonly compared wine regions (Table 4) . Viticulture region median climate values place the majority of the wine regions examined in this study generally toward the cooler regions depicted in Table 4 . For example, Otago compares climatically to the Mosel and Rhine valleys of Germany and the Champagne region of France, although the higher elevations in Otago make it slightly cooler overall and potentially one of the coolest commercial wine growing regions in the world. Wairau Valley and Nelson are both climatically similar to the Willamette Valley of Oregon and Burgundy, France, while Hawkes Bay and Gisborne are more similar to Bordeaux, Rioja, and the Yarra Valley of Australia (Table 4 ). The Bay of Islands, one of the warmest New Zealand regions, compares climatically to numerous areas in Italy and Portugal. Differences in wine region sizes and elevations in Table 4 are evident, with the larger areas and those with greater elevation ranges having greater within-region spatial variability on all climate indices (not shown). Furthermore, because New Zealand's cool nights throughout the growing season typically produce fruit that is nearly always higher in acidity (Jackson and Schuster, 2001) , comparisons with European locations should also consider the lower DTRs that result from higher humidity levels during the growing season .
While the viticulture regions used in this research were estimated based upon published data on vineyard locations (Tait, 2005) , preliminary boundaries created by some of the regions, recent aerial imagery, and digital elevation data, the results are likely to be reasonably valid in the future when New Zealand further develops legal national GIs. The methods used to produce these boundaries are not likely to be dramatically different, or different enough from the development of national GI regions to produce a wide difference in the spatial assessment of climates in New Zealand. The most likely differences will be in the cool climate regions, such as Otago, where more exact region boundaries would arguably better define the cool climate limits due to elevation in the region. Further differences will likely occur with changes in the overall area in viticulture regions, whereby decreases or increases in size will alter the number of grid squares in graphical representations and therefore the climate summaries for those regions. Furthermore, some differences are bound to occur between the designations and use of GI zones, regions, and subregion boundaries. However, it would be prudent to redo this analysis once legally accepted GIs have been created for New Zealand.
In addition to the potential differences in the spatial climates due to viticulture region boundary changes, this research should be redone in the future to take into account changes in climate, which are occurring more rapidly today than in the past (IPCC, 2007) . Temperatures in wine regions worldwide have increased 1-3°C over the last 25 to 50 years Hall and Jones, 2009 ) and approximately 0.1°C/decade in New Zealand (Mullan et al., 2010) , which would mean that the 1971-2000 climate normals used in this research should be updated to the next period normals once the data become available. For example, showed that GDD values from stations from the 1971-2000 climate normals in the western US were on average 10 % higher than those experienced during the middle of the 20th century. Furthermore, using 1974 Furthermore, using -2003 gridded climate data and downscaled climate model output, Tait (2008) has projected significant changes in GDD and frost occurrence in New Zealand. Comparing two future periods to today, the research showed an increase in the area of the country with GDD greater than 1000 from 38.2 % to 50.7 % by 2020-2049 and 65.3 % by 2070-2099. In addition, the research showed that the area of the country that currently experiences fewer than six frosts in the spring will increase from 54.5 % to 62.7 % and to 77.1 % over the same time periods, and that 23.1 % of the country will likely be frost free in spring by 2070 -2099 (Tait, 2008 . Taken together, changes of these magnitudes show that the proportion of New Zealand's land area potentially suited to growing winegrapes may significantly increase over the coming century. These changes will have different influences/impacts for different regions. Already suitable areas might warm beyond what is considered suitable for the cultivars currently grown there , while marginal areas (where GDD and/or frost risk are at, below or higher than what is considered economically viable) will possibly become better suited to viticulture and wine production in the future (Tait, 2008) . However, it is important to note that the Tait (2008) study did not examine potential changes in rainfall and humidity on grape growing suitability or the possible impacts of new diseases, pests or weeds that might coincide with the projected changes in temperature.
CONCLUSIONS
Understanding viticulture region spatial climate characteristics provides researchers, growers, and wine producers information with which to assess a region's suitability for viticulture. However, climate information for viticulture regions is often limited to one or maybe a few stations, which are often not located in close proximity to vineyards and commonly with limited or inconsistent time periods. The use of spatially interpolated climate normal data overcomes these issues by providing the means by which the entire landscape in a given wine producing region can be assessed for its climate structure and suitability for any crop.
Results from this research show that each of the four climate indices depicted a broad structure across a range of mostly cool to moderately warm climates suitable for viticulture in New Zealand wine producing regions. A comparison of the GST and GDD indices reveals that they functionally capture the same information with little difference other than magnitude. While the use of GDD has historically been very common in assessing viticultural suitability or helping to determine stages of annual phenological development at time steps within a season, GST is simpler to calculate, has fewer methodological issues, and provides a similar comparative result over the whole season.
The HI index appears to capture the expected structure of the New Zealand viticulture regions, benefiting from the higher weighting of daytime maximum temperatures and the application of a latitudinal adjustment that helps to account for increasing day lengths at the latitudes of New Zealand. The BEDD index also provides good regional depiction of known climate suitability ; however, it performs better over the warmer North Island than it does over the cooler South Island due to higher diurnal temperature ranges in New Zealand than in Australia, where the index was developed. However, to determine which index is better for use in New Zealand will require additional within-region assessment that is beyond the scope of this study.
This research has shown that developments in spatial climate data products have enhanced the depiction and assessment of climate characteristics in wine producing regions by accounting for climate variations over the entire landscape. However, we acknowledge that this type of data is synthetic, has errors associated with localized atmospheric dynamics (e.g., inversions, land-sea breezes, etc.), and depends on the observational data available, the density of which varies from region to region (Tait, 2008) . It is also important to note that micro-scale site differences are still not fully depicted in our spatial climate data, but thẽ 500 m resolution of the NIWA climate grids provides a substantial improvement in understanding general regional climate characteristics over the use of a single or a few stations. Furthermore, the application of producing a statistical range of climate over entire wine producing regions allows for a more complete assessment of the spatial climate characteristics within them.
The data and methods presented here and by others using spatial data products are providing a more holistic look at climate index characteristics for viticulture globally and the framework by which regional validation can be further examined. However, given that New Zealand wine producing regions will likely become more formalized than those used in this study (legal GI designations) and that climates are changing rapidly, this work should be updated so that wine region climate suitability can be monitored and reported appropriately and in a timely manner.
